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ABSTRACT 
Leaf Epidermal Transmittance of Ultraviolet Radiation and 
Its Implication for Plant Sensitivity to 
Ultraviolet-Radiation Injury 
by 
Ronald Robberecht, Master of Science 
Utah State University, 1977 
Major Professor: Dr. Martyn M. Caldwell 
Department: Range Science 
vi 
Leaf epidermal transmittance of ultraviolet radiation (280-400 
nm) was examined in several plant species to determine the 
capability of the epidermis to attenuate solar ultraviolet 
radiation. Epidermal samples were mechanically isolated and 
examined with a spectroradiometer/integrating sphere for trans-
mittance. A survey of 25 species exposed to natural insolation 
was conducted. Although the species differed in life form, habitat type, 
and epidermal characteristics, epidermal transmittance was 
generally less than 10 %. Ultraviolet radiation was 
attenuated 95 to 99 % in more than half of the species. 
In 16 species, flavonoid and related pigments in the epidermis 
accounted for 20 to 57 % of the attenuation. Several species 
exposed to supplemental ultraviolet irradiation (288-315 run) in 
a greenhouse exhibited significant (p..:::_0.05) depressions in epidermal 
transmittance of 31 to 47 %, apparently resulting from an 
increase in ultraviolet-absorbing pigments. 
(29 pages) 
INTRODUCTION 
Plant species differ considerably in their sensitivity to 
ultraviolet radiation, UV, (Biggs et al., 1975; Cline and Salisbury, 
1966). Since the adaxial epidermis is the first cell layer to inter-
cept radiation, it has the potential to alter the quantity and 
quality of radiation penetrating to the more physiolocically active 
mesophyll cells of the leaf. Although structural characteristics 
such as pubescence and tissue thickness influence epidermal trans-
missivity, it has been suggested that UV-absorbing flavonoid pigments 
may be the major factor in determining the filtration capacity of 
this tissue (Caldwell, 1971; Gausman et al., 1975). Effective 
attenuation of UV radiation by the epidermis may represent an 
important protective mechanism of plants against the damaging effects 
of solar UV radiation. 
Essentially no solar radiation of wavelength below 295 nm is 
received at the Earth's surface primarily due to the absorption by 
stratospheric ozone (Koller, 1965). Recent predictions, however, 
suggest that stratospheric ozone may be decreased through nitrogen 
oxides contained in supersonic aircraft exhaust (Grobecker et al., 
1974; Johnston, 1971) and halocarbons migrating from the lower 
atmosphere (Cicerone et al., 1974). Partial depletion of the ozone 
layer would increase solar UV irradiance below 320 run, in addition 
to extending the terrestrial solar spectrum somewhat · to include 
shorter wavelengths than presently reach the ground. Because UV 
radiation of the waveband 280-315 nm (commonly denoted as UV-B) is 
very effective in inducing photochemical reactions in plants, and 
is readily absorbed by nucleic acids and proteins (Giese, 1964), 
a slight increase in UV-B irradiance including a shift toward shorter 
wavelengths would be biologically significant. The capacity of the 
epidermis to attenuate UV-B irradiation could be of particular 
importance to plant survival and distribution in the event of enhanced 
UV-B radiation. 
A limited number of species have been examined for UV-B epidermal 
transmittance (Lautenschlager-Fleury, 1955; Gausman et al., 1975: 
Brabham and Biggs, 1975). These studies did not specifically address 
the role of the epidermis as a protective mechanism of plants to 
UV-B radiation. A variety of alpine plant species were examined by 
Caldwell (1968) in relation to the adaptive significance of solar UV 
transmittance of epidermal tissue. However, only the integrated 
epidermal transmittance (300-400 nm) was measured. Caldwell also 
noted that absolute transmittance was somewhat underestimated due 
to the type of equipment used. 
The objectives of this study were to: (1) determine the 
variation in UV-B transmittance due to differences in epidermal 
characteristics by surveying several plant species exposed to natural 
insolation, (2) examine the extent to which epidermal pigment and 
structural components determine the filtration capacity of the 
epidermis, and (3) determine if exposure of plants to UV-B radiation 
would alter epidermal UV-B transmittance. 
Epidermal transmittance of the species surveyed was generally 
less than 10 %, although values as high as 25 % were 
observed. In most of the species examined, the pigment component was 
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an important factor in the attenuation of UV-B radiation. A decrease 
in epidermal transmittance was observed in several species exposed 
to UV-B irradiation. 
METHODS 
Measurement of Epidermal Transmittance 
Two important considerations must be taken into account to 
obtain reliable measurements of tissue transmittance: (1) collection 
of scattered transmitted radiation and (2) isolation of tissue of 
sufficient size for examination. Since failure to measure transmitted 
radiation scatt ere d at oblique angles by the tissue can r es ult in 
an underestimation of transmittance, an integrating sphere was used. 
The difficulty in obtaining large, intact epidermal samples greatly 
restricts th e type of species that ca n be examined. This was the 
case in previous studies (Brabham and Biggs, 1975; Gausman et al., 
1975; Lautenschlager-Fleury, 1955) which relied on conventional 
2 
spectrophotometers where samples up to 2 cm were required. In order 
to overcome this s a mple size limitation, the integrating sphere in 
the present study wa s designed to accommodate samples of epidermal 
2 
tissue as small as 0.06 cm. In addition, the size of the integrating 
sphere was reduced to increase the sensitivity of the system. 
The integrating sphere system is shown schematically in Figure 1. 
Ultraviolet radiation, emitted from a deuterium lamp in a continuous 
spectrum (250-400 nm), is focused on a 2-mm diameter entrance port 
by two fused quartz Jenses. A small fan attached to the lamp housing 
3 
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Figure 1. Side view of UV-radiation source and integrating 
sphere. Radiation, emitted from the deuterium 
lamp, is focused onto the sphere entrance port where 
the sample of epidermal tissue is situated. 
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supplies th e necessary air for convective cooling of the lamp. The 
radiation enters the spherical chamber (2.5-cm diameter) which is 
coated with "Halon" (Diano Corp.), a compound reported to be a nearly 
perfect diffuser of incident radiation with an average reflectance 
of 99 % jn the 250-400 run waveband (Venable and Kostkowski, 
1975). The transmitted radiation is sampled through a 1-rnm slit 
(20 mm in height) in the chamber which, for optimum sensitivity, is 
aligned with a slit of similar size on a monochromator. When coupled 
to a Gamma Scientific Co. spectroradiometer, the transmitted radiation 
can be measured at any desired wavelength throughout the UV or visible 
spectrum. Epidermal transmittance was examined over the 280-400 nm 
waveband at 10-nm intervals, relative to a Halon-coated standard. 
In order to present epidermal transmittance in terms more 
biologically relevant, a generalizedplant action spectrum of the 
relative effectiveness of UV-B radiation to cause injury in plants 
(Caldwell, 1971), and predicted levels of solar global irradiance 
(Green et al., 1974) were used ~o weight the data. This factor was 
derived from: (1) weighting the predicted global spectral irradiance 
(for 18° solar zenith angle and normal ozone concentrations for June 
at 40° latitude) with respect to the relative biological effective-
ness at each wavelength (Sisson and Caldwell, 1977), (2) normalizing 
the resulting biologically effective UV-B radiation (UV-BBE) with 
respect to the peak wavelength (308 nm), (3) weighting the trans-
mittance at each wavelength with this normalized function, TBE(A)' 
and (4) integrating over the 288-312 nm waveband. This integrated 
epidermal transmittance, weighted for the solar irradiance most 
5 
injurious to plants, is denoted as biologically effective UV-B 
transmittance, TBE" 
Preparation of Epidermal Tissue 
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Samples of adaxial epidermis were mechanically removed from 
fresh turgid leaves by either direct peeling or, in some leaves, by 
gently scraping off the abaxial side of the leaf. Chemical isolation 
techniques such as those of Ram and Nayyar (1974) were avoided because 
these were found to greatly distort the optical characteristics of 
the fresh epidermal tissue. Samples free of perforations and mesophyll 
debris, determined by microscopic examination, were placed on moist 
filter paper strips to prevent desiccation and then positioned over 
the entrance port of the integrating sphere. 
After the fresh tissue was examined for transmittance of UV-B 
radiation, it was immersed in a methanol-water-HCl solution ( 5 ml; 
70:20:1 v/v) for 15 min and subsequently reexamined. Ynis solution 
has been used effectively for the extraction of UV-absorbing pigments 
such as flavonoids and other related phenolic compounds (Caldwell, 
1968). Tis s ue treated in this manner is denoted as extracted epidermis. 
This extraction method provided an estimate of the contribution of 
epidermal structural and pigment components to the transmissivity of the 
tissue. The structural component of the epidermis consisted mainly 
of cell wall material, cuticular waxes, and residual cell components 
not removed by the extraction solution. 
Plant Survey Characterization 
A survey of 25 plant species with different epidermal character -
istics was conducted using species occurring around Logan, Utah and 
a few species from Meade River, on the North Slope of Alaska. Plant 
species in the vicinity of Logan were collected from upper Artemisia-
grassland and Acer ~randidentatum-Populus tremuloides woodland zones, 
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and were examined shortly after collection. The arctic tundra plants from 
Meade River, however, were flown to Logan and allowed to equilibrate 
in a growth chamber for a few days before examination. Ten turgid 
leaves of each species wer~ sampled except for Atriplex confertifolia, 
Rumex obtusifolius, and the Alaskan species, where only 3 to 5 epidermal 
samples were available. Species nom e nclature followed that of Holmgren 
/ 
and Reveal (1966) and Hulten (1968) except as otherwise indicated. 
Vegetation zone classifications are those used by Cronquist et al. (1972). 
Controlled UV-B Irradiation Experiment 
The effect of enhanced UV-B radiation on epidermal tr a nsmittance 
was assessed under greenhouse conditions. Control and UV-B radiation 
treatments consisted of 5 Westinghouse FS-40 "sun" lamps filtered 
with Mylar Type A (10 mil, 0.25 mm; Dupont Co.) and Kodacel TA 401 
(5 mil, 0.10 mm; Kodak Co.) polyester films, respectively. The 
filters were changed daily to minimize the effects of photochemically-
induced changes in filter transmittance. 
Five FS-40 lamps for each treatment, positioned in parallel at 
10-cm intervals, were placed 25 cm above the plants. A detailed 
description of a similar lamp and filter system and the resulting 
spectral irradiance is given by Sisson and Caldwell (1975). In the 
treatment group, plants were exposed to approximately 2000 J·m-2. 
day-l of UV-BBE" This is about equivalent to the daily solar UV-B 
radiation in June at 42° latitude if the ozone layer were reduced 25% 
below present levels. The control p~ants were subjected to a similar 
rnicroenvironment but were not exposed to UV-BBE. 
Seven plant species were examined under these conditions. Ten 
samples were taken per treatment except for Lycopersicon esculenturn 
Mill. 'Moscow' and Rudbeckia occidentalis where only 6 and 3 UV-
irradiated samples, respectively, could be obtained. Due to 
differences in growth rate between the species, the period of 
irradiation was adjusted so that the plants could be examined at 
certain leaf stages. The plants were rearranged every three days to 
minimize the effects of small differences in microclimate underneath 
the lamps. 
RESULTS 
Plant Life Forms and Epidermal Transmittance 
Transmittance of fresh epidermal tissues and tissues subject 
to extraction are summarized in Table 1 for 25 species. The species 
are ranked in order of increasing transmittance at 308 nm, the 
wavelength weighted most biologically effective in normal levels 
of solar radiation. Brief descriptions of each collection site and 
major epidermal characteristics of each species are included. All 
plants were fully exposed to insolation except as noted in the Table. 
Complete UV transmittance spectra of fresh epidermis are shown in 
Figure 2. The spectra differ in magnitude and, in general, are 
characteristic in shape for each species. Only the lower epidermis 
could be obtained from Pyrola grandiflora, but was included as an 
indicator of upper epidermal transmittance of this species. Lower 
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Table 1. Habitat description, epidermal characteristics, and 
epidermal UV transmittance of 25 plant species. 
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Species Species 
code 
Hnbitat description Epidermal 
characteris tic& 
Transmittance. 308 n• 
At.!.!_p)ex confert1folia 
Elymus arenarius 
Op unt1a rhodantha 
Agropyron trachycaulum 
Pen s temon cyananthus 
Cirsium undu)atu m 
Geranium nervosum 
fy rol a grandiflora 
Po p ulu s trem uloides 
Sm1la c in a ra cemosa 
Boykinia r1 ch.a rd son 11 
Dactylta glomerata 
Polygonurn bis torta 
Rudbeckia occidental1s 
Crepis acuminata 
Lathyrus pauciflorus 
Cynoglossum officinale 
Ruroex obtusifo lius 
Cvnoglossum officinale 
P r unus virginiaoa 
[rigeron speciosus 
Rumex patientia 
A 
8 
C 
D 
E 
f 
C 
H 
J 
K 
L 
H 
N 
0 
p 
Q 
R 
s 
T 
u 
V 
\I 
X 
y 
Great Basin shrub desert 
Arctic tundra 
Montane Pseudot suga menzies1l-
Populus tre mu loide s zone 
Garden ornamental; dry soil 
H.ontane meado,..i 
Upper Arte misia - grassl and 
zone; north (N)-facing slop e 
Honca ne meado ~; east (E) -f a c in g 
slop e 
H.ontane meadov ; [-facing slope 
Arctic tu ndr a; ) owe r epidermis 
Thick, with bladder 
t.richomes 
Sparsely covered vith 
sharp strai~ht hairs 
Clabrous 
Thick, glabrous 
Clabrous 
Glabrous 
Gla b r o u s 
Covered vith Jong. so ft 
mar.t e d hairs 
C.)abro u s 
Glabrous 
Glabrous 
Fresh 
0.J 
0.2 
0 . 3 
0 .7 
0 . 7 
l.l 
l.2 
l.2 
1.6 
1.7 
tt o ntane , lower Popul us tremuloides Clabrous 
zone 
l.9 
3 . 9 
Montane. herba ceous underGtory 
zone; fully shaded 
Arctic tundra 
Montane me.adow 
Arcti c tundr.a 
Mo ntan e , Ace r grandidenratum-
~ tre mu )oid es zone 
Dry montane Artemisia zone; 
Steep N-facing s)cne -
Montane. Pseudotsuga menziesii 
zone; partially shaded on E-
facin~ slope 
Montane riparian zone 
Understory Acer grandidentatu.m 
thickets; partially shaded on 
[-facing slope 
Hon tane riparian zone; fully 
sh a ded 
Montane. Pseudot s u~a menzie s i1-
Populus r.r e:muloides zone; 
E- 1 acing slope 
Understory in Acer 
grandidentatum thicket.s; ful.l 
shade on [-facing slope 
Headow in montane Acer 
grandidentatum zone; E- facing 
slope 
Glabrous 
Trich o~ es with red gland s 
Clabr o u s 
Glabrous 
Glabrous 
Covered vith minute. 
st raighL and ere.c~ hairs 
4 . 0 
4 .2 
5.4 
6.2 
6 . 8 
7.8 
Clabrou s 7 .8 
Covered vit..b sofL straight 8.1 
hairs 
Clabrous 9.5 
Covered vit..h soft strai~J1t 11.0 
hairs 
Glabrous 
Clabrous 24.5 
Glabrous 25.2 
Extr.actecd 
4.9 
20.4 
3.3 
9.8 
33.9 
46. l 
29.9 
53.7 
14 .8 
8 . 1 
40.4 
61.3 
15.1 
27 . 3 
61. 3 
56 . l 
64 . 6 
29.2 
54 .o 
22.8 
31.0 
68.3 
53.5 
20 A B C D E 
0 
20 F G H J 
~ 0 K L M N 0 
w 20 
__/ ___/ 0 
__/ ___,,, z 0, 
<l 
I- 40 p Q R J T I- ~ __/ ~ 20 (f) 
z 0 
<l 60 u V w J y er I- 40 
20 ~ / 
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WAVELENGTH (nm) 
Figure 2. Epidermal UV transmittance spectra of 25 plant species. 
One standard error of the mean transmittance at 308 nm 
was usually between ±4 and 15 percent. The letter 
designation of each spectrum refers to the species 
code in Table 1. 
10 
epidermal transmittance was found to be slightly greater than 
that of the upper epidermis in other species examined. 
Although it is difficult to generalize about the epidermal 
characteristics of plants from any one habitat or life-form grouping 
because of the few representatives of each group, some trends are 
apparent. Species collected from partially to fully shaded habitats 
generally had transmittance greater than 8 % at 308 nm. 
Epidermal transmittance of arctic tundra species was less than 6 %, 
as was the case for the g rasses. Often, species i-~:iich were 
morphologically very different had similar levels of transmittance. 
Fresh epidermal transmittance at 308 nm of about half of the species 
was less than 4 % and only 4 species h a d values greater 
than 10 %. 
UV Attenuation by Epidermal Components 
Epidermal thickness and dense pubescence do not necessarily 
determine the l _evel of transmittance. For example, although Opuntia 
rhodantha and Sambucus caerulea have contrasting epidermal thickness, 
at least one mm in thickness for Opuntia and less than 1/4 of this 
for Sambucus, both species exhibited about the same low transmittance 
(Fig. 3). The epidermis of Opuntia rhodantha may have included cells 
of the hypodermis . After the extraction of flavonoid pigments, 
transmittance at 308 run increased to 20 % in Sambucus caerulea 
compared to only 3 % for OT>untia rhodantha; a significant differ -
ence at p< 0 .05. The epidermis of Cirsium undulatum, densely covered 
with long soft matted hairs, did not differ significantly (p.2_0.05) 
11 
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Figure 3. Transmittance of thick Opuntia rhodantha (-o-) and thin 
Sambucus caerulea (-•-) epidermis with their respective 
biologically effective UV-B transmittance, TBE(A) (shaded 
areas). Each point represents the mean of 10 replicate 
samples of fresh and extracted epidermis with one standard 
error indicated by vertical lines. The top insert 
represents fresh epidermal transmittance below 360 nm 
in an enlar ge d scale. 
in fresh or extracted transmittance from the glabrous epidermis 
of Penstemon cyananthus. 
Attenuation due to flavonoid pigments was calculated from the 
difference between fresh and extracted epidermal transmittance. 
An indication of UV radiation attenuation by the structural component, 
after pigment extraction,is taken as 100 % minus extracted 
13 
epidermal transmittance. This attenuation is probably due principally 
to absorption and scattering within the epidermis. Available measure-
ments of UV reflectance from glabrous leaves have usually indicated 
values less than 10 % (e.g., Gausman et al., 1975). 
A comparison of the ~ttenuation by the structural and pigment 
components of the epidermis (Fig. 4) suggest that although epidermal 
structure accounts for the major attenuation of UV-B radiation, 
in 16 species a substantial portion of the attenuation, 20 to 57 %, 
was by UV-absorbing pigments such as those of the flavonoid group. 
Alteration of Epidermal Transmittance by UV-B Irradiation 
Epidermal transmittance was reduced in UV-B irradiated plants, 
as compared to control plants. Table 2 lists the mean epidermal 
transmittance at 308 nm of control and UV-B irradiated plants, in 
addition to the percentage difference in TBE between the two 
treatments. Of the seven species grown in the greenhouse, Bromus 
inermis, Zea mays L. 'NK 199', Rumex obtusifolius, and Dactylis 
glomerata exhibited a significant (p~0.05) 31 to 47 % depression 
in biologically effective UV-B transmittance (T ) of fresh 
BE 
epidermises of UV-B irradiated plants as compared to fresh epidermal 
samples of control plants. Spectra of both epidermal transmittance 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
p 
Q 
R 
s 
T 
u 
V 
w 
X 
y 
100 80 60 40 20 0 20 40 
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Figure 4. Transmittance at 308 nm of fresh epidermal tissue 
(open bar) and the proportion of UV radiation, at 
this wavelength, attenuated by epidermal pigments 
(solid bar) and epidermal cell structure (hatched 
bar) of 24 plant spec~es. The letter designation 
of each bar refers to the species code in Table 1. 
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Table 2. 
Species 
Mean epidermal transmittance at 308 nm (T 308 ) of control and UV-B irradiated plants, and the percentage aifference (6%) 
between the two treatments based on the integrated biologically 
effective UV-B transmittance, TBE" Species with a si gnificant 
(p~0.05) modification of epidermal transmittance after UV-B 
irradiation are indicated b y an asterisk. 
15 
Fresh ep1 dP rmis Extracted ep idennis Days of 
T308 T BE' l,! T308 TBE'llZ Irradiation 
Control \JV-B Control UV-B Entire Leaf 
irradiated Irr adia ted plant examined 
Bromus in ermis 10.2 5 . 3* - 47 . 3 24.7 23.3 - 5.8 JI. J O 
Zea m.ays 10.J 6.9* - 30 . 7 38.9 36.8 
-
5.4 13 6 
Rumex obt u si foliu s 23. 3 15 . 9* - 32. 1 49 . 4 52.J + 5.3 1.5 8 
Dact::flis glorn er ata 9.2 6.0• - 35 . 1 31.5 H.8• - 21.4 23 15 
l::fcoeersicon esculenturn 2.0 1.8 
-
8. 4 61. 7 52 . 8 - 14. 5 31 23 
Rudbe c kia occ1dental1s 10 .6 2. 7 - 73.0 62. 7 49 .6 
- 20.0 39 19 
Rurnex paLientia )8. J 47 .6 • + 24. 2 61. l 6). 1 + 3.6 48 8 
and TBE(A) of these species are shown in Figure 5. One standard 
error of the mean transmittance at 308 run for these species varied 
from± 3 to 15%. There were no significant differences in 
TBE between the two treatments after pigment extraction. Dactylis 
glomerata is an exception; the difference in TBE of extracted 
epidermis was slightly significant at p.2_0.05. 
The higher TBE of the UV-B irradiated tissue in Rumex patientia 
would seem to contradict the trend expressed in the 4 species 
mentioned previously. This result, however, was most likely due to 
severe injury to the epidermal tissue as a consequence of the intense 
UV-B irradiation. The epidermis of this sensitive species (Sisson 
and Caldwell, 1976) appeared blistered as if burned, and was loosely 
attached to the mesophyll. Rumex patientia was the only species 
exhibiting such deterioration of the epidermis. Two species, 
Lycopersicon esculentum and Rudbeckia occidentalis, did not show a 
statistically significant (p<0.05) decrease in TE after UV-B 
- B 
irradiation. 
At the end of the irradiation period for each species, only 
Bromus inermis, Zea mays, and Dactylis glomerat a showed no indication 
of epidermal bronzing or browning typical of leaves exposed to high 
levels of UV radiation (Cline and Salisbury, 1966; Caldwell, 1968). 
However, the vertical leaf orientation of these species would have 
reduced the incident radiation load on the leaves. 
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Figure 5. Depressed epidermal transmittance of Bromus inermis, 
Zea mays, Rumex obtusifolius, and Dactylis glomerata 
after UV-B irradiation. The solid and intermittent 
lines represent respectively the mean transmittance 
of control and UV-B irradiated plants. The shaded 
and hatched areas beneath each curve represent their 
respective biologically effective UV-B transmittance, 
TBE(A)' 
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DISCUSSION 
The various epidermal characteristics represented in the survey 
(Table 1) appear to be of li~ited use in predicting penetration of 
UV-B radiation. Although a thick cellular layer can result in low 
transmittance, as in Opuntia rhodantha (Figure 3), most species 
had thin epidermises like that of Sambucus caerulea. Gausman et al. 
(1975) reported a statistically sign ificant correlation between UV 
absorptance and epidermal thickness in 6 species. The coefficients 
of determination, however, were quite low; less than 20 %. 
Pubescence or other surface projections did not necessarily result 
in lowered transmittance, as compared to a glabrous surface. However, 
high UV reflectance may occur in some species having specialized 
pube scence orheavy cuticular wa x deposits. 
The depression of epidermal UV transmittance as a result of 
UV-B irradiation was apparently due to UV-absorbing pigments. 
After the extraction of these pigments, the epidermal TBE of control 
and UV-B irradiated plants did not differ significantly. Ultra-
violet-absorbing pigments such as those of the flavonoid group 
probably increased in response to UV-B irradiation and resulted 
in decreased transmissivity of the tissue. Flavonoid biosynthesis 
in response to UV irradiation has been reported to occur in 
suspension cultures of parsley (Petroselinum hortense Hoffm.) as well 
as whole parsley plants (Wellmann 1975). Furthermore, a very rapid 
decrease in UV epidermal transmittance in peduncles of Ranunculus 
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adoneus was reported by Caldwell (1968). This was attributed to 
a rapid change in radiation conditions as the p~ants emerged from 
a snowbank. Preliminary results of another study involving 
supplemental UV-B irradiation of plants in the field also indicated 
that UV-B epidermal transmittance would decrease in response to 
the radiation supplement. Again it appeared that the decreased 
transmittance was due to the pigment component of the epidermis. 
Two species in the present study, Lycopersicon esculentum and 
Rudbeckia occidentalis, did not exhibit a significant depression 
in TBE as a result of UV-B irradiation. The average epidermal 
transmittance of control plants of L. esculentum was initially low ,; 
about 2 % in the UV-B waveband. A further decrease, therefor e , 
may not have been possible or detectable. A substantial decrease 
in TBE due to UV-B irradiation was evident in R. occidentalis, 
but the restricted sample size (n = 3) and large variation in the 
irradiation population resulted in an insignificant 't' statistic. 
Although the epidermis must necessarily transmit much of the 
photosynthetically-active radiation, this tissue layer has a 
significant capacity to selectively absorb UV-B radiation, as 
evidenced by attenuation of 95 to 99 % in more than half 
the species examined. In addition, the ability to significantly 
decrease UV-B transmissivity in response to supplementary UV-B 
radiation would seem not only an important plant adaptation to 
high natural levels of solar UV radiation (Caldwell 1971), but also 
to possible increased levels of UV-B irradiance. Thus, the epidermis 
would appear to be an important protective layer against UV-B induced 
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injuries in the mesophyll region of the leaf. Nevertheless, the 
epidermis should not be ignored as a physiological target for UV-B 
radiation itself. Naturally, in addition to epidermal attenuation 
of UV-B radiation, other factors such as leaf angle, UV attenuation 
in the mesophyll itself, and the efficiency of UV radiation repair 
mechanisms (Murphy, 1975; Caldwell, 1971; Sisson and Caldwell, 1976) 
will also be determinants of plant sensitivity to UV-B radiation. 
Because processes such as photosynthesis and leaf expansion are 
sensitive to UV-B radiation (Brandle et al.,1977; Sisson and 
Caldwell 1976), species with high epidermal transmittance and a 
limited capacity to curtail this transmittance when exposed to 
UV-B radiation will be more likely to suffer in the event of 
intensified solar UV-B radiation. 
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